Four cases of acute angle closure glaucoma in eyes with a small but patent Nd-YAG laser imdotomy are presented, and similar cases in the literature are reviewed. Theoretically a 15 tm diameter iridotomy should be large enough to prevent angle closure glaucoma due to pupil block. Mechanisms by which larger iridotomies fail to prevent angle closure glaucoma, and the role of provocation tests following iridotomy, are discussed. An iridotomy should be at least [tm in diameter if acute angle closure glaucoma is to be reliably
Various forms of iris surgery have been used to treat angle closure glaucoma since von Graefe's original description of the broad iridectomy in 1857.' Surgical iridotomy was introduced by Curran in 1920.24 Peripheral iridectomy was described by Chandler in 1952. 5 Argon laser iridotomy,6 and more recently Nd-YAG laser iridotomy,7 have already largely superseded surgical iridectomy. While laser surgery has many advantages over conventional surgery, it must not be forgotten that laser iridotomy represents a return to the use of smaller iris openings than those obtained by surgical peripheral iridectomy. ' Gifford noted in 1921 that very small surgical iridotomies were not as effective in controlling intraocular pressure as larger iridotomies. 4 Reports are now emerging of acute angle closure glaucoma developing in the presence of a small but patent argon90 or Nd-YAG" 12 laser iridotomy. While cases of acute angle closure glaucoma following surgical peripheral iridectomy have generally been attributed to plateau iris syndrome,'3"'5 not all cases of acute angle closure glaucoma following a small laser iridotomy can be placed in this category."'2 We have treated four patients who developed acute angle closure glaucoma despite the presence ofa patent Nd-YAG laser iridotomy.
The mechanism of failure of very small iridotomies may be related to obstruction of aqueous flow at very small iridotomy size. Below a critical surface area significant iris bombe may occur at normal aqueous flow rates. When iris bombe is sufficient to cause iridocorneal contact throughout a critical extent of the angle, beginning superiorly, acute angle closure glaucoma results. 16 17 The minimum 'safe' size of iridotomy has not been defined, but an approximate value may be calculated from a simple mathematical model.
Material and methods
We are undertaking a prospective randomised comparison of Nd-YAG laser iridotomy and surgical peripheral iridectomy in the treatment of acute angle closure glaucoma. The cases presented belong to the laser treated group in this study.
A Zeiss Visulas Nd-YAG laser and Zeiss anterior segment YAG contact lens were used in all treatments. Patients were given acetazolamide 500 mg orally one hour before treatment, and one pilocarpine eyedrop 2% 30 minutes before treatment.
A treatment site was chosen in the superior iris between 10 and 2 o'clock, approximately twothirds of the distance from the pupil margin to the base of the iris. An iris crypt was used, when present. A single 5-10 mJ pulse was delivered to the treatment site. If this pulse did not penetrate the iris, further single pulses were delivered to the same site until penetration was achieved. A gush ofaqueous fluid from the posterior chamber could be seen at the moment of penetration. Patency was assessed by direct observation of the posterior chamber or anterior lens capsule.
The size of iridotomies was measured by comparison with the 0-2 mm spot produced by a Haag-Streit slit-lamp focused on the iris plane. Irldotomy Size (gom) Figure 3 Pressure difference across the iris as afunction of iridotomy size.
Results
acetazolamide 500 mg intravenously and pilocarpine eyedrops 2% hourly. A surgical peripheral iridectomy was performed the next day. Postoperatively the patient was treated with betamethasone eyedrops 0-1% four times daily and tropicamide eyedrops 1% once daily. Two days later she complained of pain over the left eye. The pupil was dilated, and the peripheral iridectomy was patent. The intraocular pressure was 41 mmHg. Gonioscopy was not tolerated. The intraocular pressure fell to 10 mmHg after treatment with acetazolamide 250 mg orally twice daily, pilocarpine eyedrops 2% four times daily, and timolol eyedrops 0 5% twice daily. Long term treatment with pilocarpine eyedrops 2% four hourly and timolol eyedrops 0 5% twice daily has been necessary to maintain normal intraocular pressure in the left eye.
MATHEMATICAL MODEL
A very small iridotomy may be of inadequate physical size to by-pass pupil block adequately. Given a constant rate of aqueous flow, the pressure difference across an iridotomy increases as the size of the iridotomy decreases. Increased posterior chamber pressure relative to anterior chamber pressure will result in iris bombe. The degree of bombe is dependent on the rigidity of the iris and the pressure difference across the iris. At a critical level, dependent on peripheral anterior chamber depth, iris bombe may become sufficient to cause iridocorneal contact over a large enough extent of the angle to precipitate acute angle closure glaucoma.1617 19 20 The minimum 'safe' size of an iridotomy may be calculated from a simple mathematical model. Firstly, an assessment is made as to whether aqueous flow is laminar or turbulent through an iridotomy aperture of 10 lm. On (Fig 3) . Discussion Curran observed in 1920 that in some patients with glaucoma the passage of aqueous through the pupil appeared to be impeded by the iris 'hugging the lens over too great a surface extent'. Case 4 developed acute angle closure glaucoma following mydriasis despite the presence of a small patent iridotomy and subsequently a larger surgical iridectomy. The mechanism of acute intraocular pressure rise may have been iris crowding in the angle. Plateau iris configuration was not present. Perhaps the term 'angle crowding' angle closure glaucoma would be a more appropriate term to use for eyes which develop acute angle closure glaucoma following mydriasis in the presence of a patent peripheral iridectomy. The cases of two other patients with moderately large peripheral iridectomies who developed acute angle closure glaucoma while using mydriatic drops have been reported. 14 15 Mydriatic or dark room provocation tests following peripheral iridectomy have been found to be positive in 3-19% of cases. 25 
